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Abstract
Recent empirical evidence suggests that attending individual instrumental training in music schools benefits the devel-
opment of cognitive skills such as language and executive functions. In this article, we examine studies that have found
these transfer effects provided by group-based music education in school and preschool contexts. We conclude that
group-based music lessons may enhance children’s language skills and possibly executive functions, but evidence for the
impact of music activities on intelligence—as measured by nonverbal intelligence tests—or long-term prosocial abilities is
scarce. Although the beneficial effects of music on language skills and executive functions are small, they seem to be
discernible. However, we do not know if they apply to all children or only to, for example, children who enjoy engaging in
musical activities. We suggest that group-based music education should be part of the national school and preschool
curricula, because of both the enjoyment of learning music-related skills and the impact it may have on children’s general
learning. In parallel, we encourage new empirical longitudinal projects to be launched, enabling further investigations into
the promises of music.
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Introduction
Music—whether listening to or practicing it—brings posi-
tive experiences and well-being to human beings, irrespec-
tive of age and culture, according to the World Health
Organization (WHO) (Fancourt & Finn, 2019). In addition
to offering enjoyment and enhancing music-related skills,
an abundant body of recent research has suggested that
engaging in musical activities enhances other skills that are
not related to music, such as language skills, executive
functions, social skills, and intelligence (Bugos &
DeMarie, 2017; Cirelli et al., 2014; François et al., 2013;
Jaschke et al., 2018; Kirschner & Tomasello, 2010;
Linnavalli et al., 2018; Moreno et al., 2009; Schellenberg,
2004; Schellenberg et al., 2015) (for a recent review, see
Ilari, 2020).
Pioneering correlational studies have shown that
musicianship is reflected in brain function and structure
(Bangert & Schlaug, 2006; Bermudez et al., 2009; Gaser
& Schlaug, 2003; Koelsch et al., 1999; Pantev et al., 1998;
Schlaug et al., 1995; Schneider et al., 2002; Tervaniemi
et al., 2001). More recent longitudinal research has also
suggested that music training can induce these structural
and functional brain changes (Habibi et al., 2017; Herdener
et al., 2010; Hyde et al., 2009; Kraus & Strait, 2015; Put-
kinen et al., 2014; for a review, see Putkinen & Tervaniemi,
2018). The musician’s brain seems to differ structurally
from the nonmusician’s brain in, for example, the auditory
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cortex, corpus callosum, primary motor areas, anterior
superior parietal area, and inferior temporal gyrus (Gaser
& Schlaug, 2003; Schlaug et al., 1995; Schneider et al.,
2002), and areas such as precentral gyrus, auditory cortex,
and corpus callosum have shown plasticity related to music
training in childhood (Habibi et al., 2017; Hyde et al.,
2009). Because each of these areas is also involved in other
than music-related neuronal processing (e.g., visuospatial
and speech processing, planning and execution of move-
ments), it seems reasonable to conclude that the enlarge-
ment of brain structures and improvement of neural
connections because of music training may—at least to
some extent—affect other skills processed by the same
areas and neuronal networks. This perspective presents the
basis for transfer effects, which is a form of skill training
from one domain generalizing over to another domain.
Although the definitions seem to differ slightly according
to the resource, near transfer refers to the situation where
specific skill training improves skills in a closely related
area (rehearsing a tune facilitates playing another tune),
whereas far transfer suggests that training a specific skill
improves abilities in a more distant domain (e.g., practicing
music improves nonmusical abilities, such as executive
functions) (Barnett & Ceci, 2002). Regarding education,
the possible transfer effects of music—or other nonaca-
demic activities—are a topical issue. If researchers can find
new ways of supporting children’s development, it may
benefit not only the children and their families, but also
society.
In the present article, we examine the studies providing
group-based music training for typically developing chil-
dren and contemplate some empirically confirmed and
some speculated behavioral effects of music training on
four cognitive domains: language, executive functions,
intelligence, and prosocial skills. The inspected studies
have implemented music training in school or preschool
environments. Additionally, in some cases, we also have
inspected such interventions that, because of their feasibil-
ity, could be implemented in these school contexts.
Correlation and Causality in Experimental Music
Studies
There is often confusion about the level of generalizability
and implications of the obtained data; thus, it is important
to make a distinction between correlational and causal stud-
ies. Typically, correlational studies are made with a cross-
sectional design that cannot reveal the reasons behind the
possibly found differences in the measured features.
However, longitudinal intervention studies can trace the
lines of causality behind the studied features but must also
be interpreted with caution. In follow-up studies, the main
difficulty lies in controlling for all the essential factors, for
example, family background, school/preschool environ-
ment, and possible prior musical experience, all of which
may influence the studied effects. However, it is often seen
that the correlational results are announced as a proof for
causality, even by researchers (as pointed out by Schellen-
berg, 2020) and especially by media; thus, the correct inter-
pretation of individual studies relies on the reader.
Cross-sectional studies have found that children attend-
ing private music lessons or other teacher-led music activ-
ities show better phoneme processing skills, reading
development, vocabulary, and verbal memory (Corrigall
& Trainor, 2011; Forgeard et al., 2008; Ho et al., 2003),
higher self-reported beliefs of one’s own academic abilities
(Degé & Schwarzer, 2017; Degé et al., 2014), enhanced
executive functions (Degé et al., 2011; Zuk et al., 2014),
and higher scores on intelligence tests (Forgeard et al.,
2008; Schellenberg, 2011) than their peers who do not
participate in such regular musical activities. Nevertheless,
it is essential to remember that this does not necessarily
mean that the causes for the detected differences lie in
music training. As has been pointed out (Albert, 2006;
Corrigall et al., 2013; Swaminathan et al., 2017), the
individuals engaging in institutional instrument training
typically come from families representing higher socioeco-
nomic status (SES) than their peers not attending to such
activities. This higher SES, in turn, largely accounts for the
higher scores in tests measuring intelligence, executive
functions, and language skills (Bradley & Corwyn, 2002;
Fernald et al., 2013; Skoe et al., 2013). Thus, to disentangle
the effects of background variables, such as SES and music
training, longitudinal studies with carefully balanced com-
parison groups (including active control group), a long
enough follow-up period, and carefully conducted analyses
are crucial. In these studies, (randomly) divided groups are
provided with different activities or lessons (i.e., interven-
tions), for example, music lessons or sports training, that
last from, for example, 2 weeks to as long as several years.
If the groups differ in their measured properties after but
not before the intervention and if all the essential factors are
controlled for, this suggests that one intervention boosts the
measured abilities more than the other.
Research from the past 20 years using longitudinal
settings has reported causal connections between music
training and cognitive functions in children. Some of these
connections seem to be already fairly well documented,
such as the causal association between music training and
language skills (Bhide et al., 2013; Degé & Schwarzer,
2011; Flaugnacco et al., 2015; François et al., 2013; Lin-
navalli et al., 2018; Moreno et al., 2009; Nan et al., 2018;
Overy, 2003; Roden et al., 2012; Slater et al., 2014); these
studies show improvement in different domains of
language, such as reading and literacy, phoneme aware-
ness, segmenting speech sounds, verbal intelligence, verbal
memory, and rapid naming after interventions lasting from
4 weeks to 2 years. Somewhat fewer studies suggest that
music training impacts executive functions, namely inhibi-
tion, planning, cognitive flexibility, and working memory
(e.g., Bugos & DeMarie, 2017; Jaschke et al., 2018; Shen
et al., 2019), boosts social skills (Cirelli et al., 2014;
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Kirschner & Tomasello, 2010; Rabinowitch et al., 2012;
Schellenberg et al., 2015), and has an effect on intelligence
(Costa-Giomi, 1999; Kaviani et al., 2014; Schellenberg,
2004).
Schools and Preschools as Premises for Music
Activities
Schools—and in some countries, also preschools—are
optimal premises for offering children music activities.
Children’s home environments vary substantially, and all
caregivers do not sing and play with their children or pro-
vide them with training in music institutions. If music les-
sons are provided in schools, all children can engage in
music activities. Depending on the national educational
culture, the amount and quality of music teaching in
schools and preschools may differ substantially. If the local
policies support having music lessons in these institutions,
however, it might be possible to invest in training teachers
and, via this, provide all children with high-quality music
lessons. The same applies to preschools in those countries
that offer low-cost day care and early childhood education
to all families.
Here, we focus on studies that have received consider-
able attention over the past 20 years. The selected studies
have provided group-based music interventions for typi-
cally developing children between 4 and 11 years of age
and have mostly provided these interventions with such an
intensity that makes it possible to implement the music
program in the children’s daily curricula in the school and
preschool environments. Some schools have offered music
lessons several times a week for a few weeks, while some
have provided training only once a week, here lasting for
months or even years. The group size in the interventions
varies a lot, ranging from small (4–6 children) to large (24
children), while some studies even fail to report this.
The chosen interventions have focussed on active music
making, such as teacher-led singing, playing simple instru-
ments, and the training of specific skills linked to specific
musical aspects, such as discriminating pitches and harmo-
nies and repeating rhythms. The interventions did not
include orchestral playing or focus on knowledge-related
aspects of music, such as music theory or history.
Instead of weighting the received positive and negative
results on transfer effects, we concentrate on studies report-
ing far-transfer effects and contemplate the studies’ quality.
All the inspected studies are listed in Table 1.
Effects of Music Lessons on Children’s
Language Development, Executive
Functions, Intelligence and Prosocial Skills
Language
As discussed, several longitudinal studies have reported the
causal effects of music education on typically developing
children’s phoneme awareness, vocabulary, reading and
literacy, rapid naming, and verbal memory (Degé &
Schwarzer, 2011; François et al., 2013; Linnavalli et al.,
2018; Moreno et al., 2009; Nan et al., 2018; Roden et al.,
2012). These interventions have offered children extra
music activities lasting from 20 weeks to 2 years and have
been implemented in school or preschool curricula. Three
of these studies were conducted in preschools and the other
three in schools.
Degé and Schwarzer (2011) conducted a study in 5–6-
year-old preschool children (N ¼ 41), who were randomly
assigned to a music group, a sports group, and a group that
practiced phonological skills. The intervention sessions
lasted for 10 min daily, and the music sessions included,
for example, joint singing, joint drumming, rhythmic exer-
cises, meter execution, and dancing. After 20 weeks, both
the music group and group in the phonological skills pro-
gram outperformed their peers in the test for phonological
awareness. There were no differences in SES between the
groups. The limitation of this study is the small sample size,
which diminishes the power of the study.
In China, Nan et al. (2018) provided 4–5-year-old chil-
dren with music or reading training in small groups of 4–6
children, testing the children’s (N ¼ 74) word discrimina-
tion skills before and after the intervention. The children
were pseudo-randomly divided into three groups so that the
groups did not differ statistically in age, gender, and SES
variables or in their general cognitive measures. The piano
group received teaching in musical theory: notes, rhythm,
and notation. During the lessons, the children listened, dis-
criminated against, and recognized the notes and played the
piano both with and without accompanying CD records.
There were no requirements for practicing outside the class.
After 6 months of the intervention, the music group out-
performed both the reading and passive control groups in
consonant discrimination. The pseudo-randomized design
and high number of participants are the strengths of this
study. Regarding preschool environments, the excessive
amount of instrumental or reading training (45 min, three
times a week) diminishes the feasibility of such lessons in
the curricula, at least for those preschools that follow some
national early childhood pedagogy plan.
Linnavalli et al. (2018) found that even existing prac-
tices, such as professionally taught music playschool, may
support children’s linguistic development. Their study
(N ¼ 66) showed that a weekly 45-min group music lesson
held in preschools enhanced 5–6-year-old children’s pho-
neme processing skills and vocabulary knowledge more
than similarly provided dance lessons. This improvement
became apparent after 2 years of participation in music
playschool. The strength of this study was that instead of
comparing groups, the conducted analyses took into
account the number of months that the individual child had
participated in the music or dance lessons, along with their
socioeconomic background. The music playschool lessons
included joint singing, clapping, playing games along with





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































music, playing simple instruments, rhyming, and moving to
the music. However, even though each preschool (alto-
gether 26 institutions during the follow-up) offered either
one or neither of these activities, preventing the families
from choosing between music, dance, or none, the apparent
limitation of this study is that the children were not rando-
mized into studied groups.
Roden et al. (2012) found that 18 months of group instru-
ment training provided in German schools for groups of, at
most, five children improved 7–8-year-old children’s
(N ¼ 73) verbal memory compared with those participating
in natural science lessons or belonging to the passive control
group. The SES was similar in all groups. The extra lessons
were provided only once a week and lasted 45 min, and the
children in the music group got to choose their instrument
from guitar, violin, cello, flute, trumpet, clarinet, and drums
and were guided by professional instrument teachers. The
lessons included singing, rhythm (clapping and percussion),
and pitch identification exercises. The children were
allowed to practice at home, but according to the authors,
only some of them did. Thus, although the children learned
to play traditional classical instruments, the concept did not
resemble attending instrumental lessons in a music school,
where the lessons are typically held with only one student
present and extensive practicing is required. However, the
children were not randomly divided into groups, and their
prior experience of music training was not known.
A study by François et al. (2013) presented a music
intervention in school that showed positive effects on
school-aged children’s linguistic skills and would be feasi-
ble within the school context. In this study, 24 8-year-old
French children attended 45-min group lessons in music or
painting for 2 years, first twice a week and once a week in
the second year. In this study, the children were pseudo-
randomly assigned to the two groups, ensuring that, on
average, the SES, prior music training, and cognitive test
performance were similar for both groups. The music group
received lessons based on a combined model of the Orff and
Kodaly methods, focussing on rhythm, melody, harmony,
and timbre, and guided by a professional music teacher.
After 1 year, the children in the music group showed better
speech segmentation skills; after 2 years, they showed bet-
ter implicit differentiation between familiar and unfamiliar
pseudo-words—as revealed by electroencephalogram—
than their peers in the painting group. Apart from the mod-
est sample size, the design of the study is convincing.
Finally, Moreno et al. (2009) compared the music and
painting groups, where 10-year-old children (N ¼ 32) were
pseudo-randomly assigned to the groups. After receiving
75-min music lessons twice a week for 24 weeks, the music
group showed better reading skills and pitch processing in
speech than their peers in the similarly provided painting
group. As in the study by François et al. (2013), the music
lessons were based on a combined model of the Orff and
Kodaly methods. Despite the study’s indisputable strengths
regarding the school curricula, the 75-min music lessons
twice a week may be a lot more than most countries may
offer in their national school curricula.
To sum up, even when considering their limitations,
the reviewed studies conducted in preschools (Degé &
Schwarzer, 2011; Linnavalli et al., 2018; Nan et al.,
2018) and schools (François et al., 2013; Moreno et al.,
2009; Roden et al., 2012) support the view that school and
preschool music lessons may positively impact children’s
language abilities. Most of them used randomized or
pseudo-randomized assignment to groups (Degé &
Schwarzer, 2011; François et al., 2013; Moreno et al.,
2009; Nan et al., 2018), had an adequate sample size
(Linnavalli et al., 2018; Moreno et al., 2009; Nan et al.,
2018; Roden et al., 2012), and all of them controlled for
SES. The inspected language skills differed in these stud-
ies, but all three studies that found improvement in pho-
neme awareness/processing were conducted in preschools
with 4–6-year-old children, suggesting that music lessons
may be especially beneficial for acoustically driven lan-
guage skills during these years (Degé & Schwarzer,
2011; Linnavalli et al., 2018; Nan et al., 2018). The
reviewed studies encourage further investigation and utili-
zation of school- and preschool-based music lessons in
advancing the language development of children.
Music and Executive Functions
Executive functions (EFs) refer to a set of skills needed to
supervise and regulate higher-level functions—such as
planning, decision making, and problem solving—enabling
goal-oriented behavior (Diamond, 2013; Friedman &
Miyake, 2017). Notably, the literature is not altogether
consistent on the exact subskills included in EFs, but one
widely accepted model by Miyake et al. (2000) assesses
EFs as comprising inhibitory control, cognitive flexibility,
and working memory. As with sufficient language skills,
EFs are essential for learning and doing well in school.
Also, as with language skills, some of these functions have
been suggested to benefit from music training (Bugos &
DeMarie, 2017; Jaschke et al., 2018; Moreno et al., 2011;
Shen et al., 2019). The interventions in the studies by
Moreno et al. (2011) and Shen et al. (2019) were highly
intensive, with 1–2 hr of daily music lessons and, thus,
cannot be thought of as feasible for schools and preschools.
Instead, Bugos and DeMarie (2017) conducted a long-
itudinal study in a preschool with 4–5-year-old children
(N ¼ 36) who were randomly assigned to music or Lego
training groups. Both groups received training for 45 min,
twice a week, for 6 weeks. The music lessons were based
on the Kodaly and Orff pedagogies, included vocal devel-
opment and improvisation exercises with acoustic and
percussion instruments, and were taught by professional
music educators. After the intervention, the music group
made fewer errors in the Matching Familiar Figures Test
(Egeland & Weinberg, 1976), measuring inhibition, than
the Lego group made. In addition to random assignment in
Tanja et al. 7
groups, the strength of this study was that musical aptitude
was measured and was found to be similar in the groups.
However, the Matching Familiar Figures Test included
only three trials per child, and the study failed to find a
difference between the groups in a Stroop task, which is
more commonly used as a measure of inhibition skills
(Ikeda et al., 2014). Thus, these results cannot be taken—
at least on their own—as highly convincing evidence for
the benefits of music training on EFs.
However, some more convincing evidence exists.
A recent study conducted in the Netherlands (Jaschke
et al., 2018) used a block randomization design and
a follow-up of 2.5 years. Here, 6–7-year-old children
(N ¼ 147) attended music or visual arts training for 1–2
lessons per week. Both activities were included in the
school curricula, including theory and practice. The music
lessons were planned in collaboration with the Ministry of
Research and Education in the Netherlands and an expert
center for arts-based education (MOCCA) for all primary
schools in the Netherlands. Music lessons included theory
and history, along with collective music making with
instruments, singing, and improvising. Both the theoretical
and instrumental lessons were supervised by trained music
teachers, and the children in the music group were not
allowed to practice their instruments at home. Additionally,
the third group of children received music education both in
and outside school (i.e., in music schools), and the fourth
group did not attend any music or visual arts programs.
After the follow-up, but not before it, the children belong-
ing to either one of the music groups outperformed their
peers in other groups in tests measuring inhibition and
planning, which are skills included in or related to EFs.
The study is of a high standard: the SES was similar in all
groups, the children were block-randomized into groups,
the number of participants was high, the amount of prior
musical background was controlled (though not on an indi-
vidual level), and the improvement of EF showed on more
than one test. Hence, it is difficult to find any severe limita-
tions in this study. However, as is typical with intervention
studies, a lack of similar results regarding EFs has been
encountered in other longitudinal studies (Linnavalli
et al., 2018; Moreno et al., 2009; Nan et al., 2018). Notably
one could argue that in some cases, this is because of the
interventions lasting a considerably shorter time (Moreno
et al., 2009; Nan et al., 2018). Because it is reasonable to
suspect that several null findings have been left unpub-
lished, at present, the evidence for the emergence of far-
transfer effects of music on EF in group music settings is
still scarce. However, the results from Jaschke et al. (2018)
encourage further investigation of the possibilities of utiliz-
ing group music lessons to enhance children’s EFs.
Music and Intelligence
The impact of music training on intelligence has been a
much-debated issue. Even though several cross-sectional
studies have found a positive correlation between music
training and intelligence in children, adolescents, and
adults (dos Santos-Luiz et al., 2016; Schellenberg,
2011; Schellenberg & Mankarious, 2012; Silvia et al.,
2016; Trimmer & Cuddy, 2008), there is little evidence
from longitudinal studies in showing the existence of
causal connection between music training and intelli-
gence. In a much-cited study, Schellenberg (2004) found
that 6-year-old Canadian children attending weekly
instrumental (standard keyboard) lessons or singing les-
sons relying on the Kodaly method in school improved
their scores on intelligence measures during one school
year more than their peers in the drama lesson and passive
control groups. The children (N ¼ 132) were recruited to
the study via newspaper advertisements and were ran-
domly assigned to the four groups. The lessons were
given in groups of six at the conservatory by
professional-level teachers. This randomized setting is the
strength of the study. However, both music groups were
pooled and compared with a pooled group of drama and
control children, and this diminishes the impact of the
study because the original active control group was mixed
with the passive group.
Another group-based music intervention study by
Kaviani et al. (2014) explored the effects of music on intel-
ligence. Here, 5–6-year-old children (N¼ 60) were pseudo-
randomly assigned to two groups (music and control) with
a similar SES, and the music group received 75-min music
lessons once a week. After 12 weeks, the music group out-
performed their peers in two subtests of the Stanford-Binet
Intelligence Scale (Thorndike et al., 1986): verbal reason-
ing and short-term memory tests. However, despite the
strength of the pseudo-randomized design, the lack of an
active control reduces the value of this study because it
cannot be concluded that the improvement is because of
music training per se or because of the extra activity offered
to children.
Some other longitudinal studies have found results sug-
gesting that music training enhances intelligence, but these
studies also lack active control groups and include individ-
ual instrumental lessons (Costa-Giomi, 1999), or are
unclear about the total amount of music and physical exer-
cise received in the groups (Bugos & Jacobs, 2012), so they
cannot be given too much emphasis in our context. In addi-
tion, considering that the assumed causal connection
between music and intelligence has raised a lot of interest,
it is remarkable that no more studies supporting it have
been published. The lack of supporting evidence does sug-
gest that there is a severe publication bias concerning this
issue (although some evidence for null findings has been
published, e.g., Linnavalli et al., 2018; Mehr et al., 2013;
Moreno et al., 2011; Nan et al., 2018). At present, it may be
concluded that there is not enough evidence to support the
existence of any causal link between music training and
nonverbal intelligence.
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Music and Social Skills
According to some studies, music sessions also promote
children’s prosocial skills and empathy (e.g., Buren et al.,
2019, Cirelli et al., 2014; Good & Russo, 2016; Kirschner
& Tomasello, 2010; Rabinowitch et al., 2012; Schellenberg
et al., 2015; see review Cirelli, 2018). However, excluding
Rabinowitch et al. (2012) and Schellenberg et al. (2015),
these studies investigated the short-term effects of music on
socioemotional behavior, showing that after being engaged
in joint singing and clapping or synchronized bouncing
with their peers or the experimenter, small children were
more helpful and cooperative towards them (Cirelli et al.,
2014; Kirschner & Tomasello, 2010).
More essentially, two longitudinal studies have found a
long-term impact of school-based music activities on chil-
dren’s prosocial skills. In a study following 8-year-old chil-
dren for 10 months (N ¼ 84), ukulele lessons were
implemented in two schools that incorporated an
“enhanced group music programme” into their curricula
(Schellenberg et al., 2015). The children who received
additional 40-min weekly ukulele lessons were compared
with children from the other schools receiving only stan-
dard music lessons. In addition to including ear training,
notation, playing different scales and changing meters,
singing and improvising, the lessons encouraged coopera-
tion and interaction between the students. After the inter-
vention period, scores for the sympathy and prosocial
questionnaires were improved in the ukulele-playing group
compared with the control group. Interestingly, this
improvement was apparent only in the children who scored
poorly in these skills before the intervention, suggesting
that music activities may promote social behaviors, espe-
cially in children showing difficulties in their socioemo-
tional development. However, because the control group
did not receive any added program, it is not possible to
conclude if the reached effects were because of the music
activities per se or from having some extra activity that
promoted interaction. Furthermore, the study has some
other limitations: the children’s musical training outside
school was not reported, the possible difference of SES
between the groups was not controlled for, and the children
were not randomized or pseudo-randomized in groups.
Furthermore, Rabinowitch et al. (2012) found that group
music lessons that aimed to enhance the interactions
between the children enhanced children’s empathy scores
(Index Empathy, Bryant, 1982) marginally. Also, the chil-
dren in the music group performed better in an emotional
memory task (developed by the authors) that was only
conducted after—and not before—the intervention. In this
study, the 8–11-year-old children (N ¼ 52) were randomly
assigned into three groups that either participated in a
weekly music lesson, game session, or neither for one
school year. The music lessons consisted of specially
designed games where interaction between the children
was essential, for example, encouraging individuals to
participate in the joint musical interaction or improvising
together to the constantly changing rhythm. The game
group also focussed on the interactions between the chil-
dren. However, in the end, the game group (n ¼ 8) and
passive control (n ¼ 21) group were pooled together and
compared with the music group; thus, the control group
consisted of some active but mostly passive control chil-
dren. Furthermore, the marginally significant results from
the empathy test, as well as the lack of a pre–post design
for emotional memory tasks, diminish the influence of
the study.
Considering the possible publication bias and, for exam-
ple, a previously inspected study with a robust design
(Schellenberg, 2004) reporting the causal effects of drama
but not music training on prosocial skills, it is debatable
whether music lessons actually do have positive long-term
effects on children’s prosocial skills. More studies and
reporting of null results are clearly needed to conclude
whether it is possible to support children’s prosocial devel-
opment with school- and preschool-based music lessons.
Discussion
Based on the reviewed studies, music lessons implemented
in schools or preschools show some promise in supporting
children’s language skills and perhaps even EFs. Apart
from one study (Bugos & DeMarie, 2017), SES was
controlled for in all of these studies by either pseudo-
randomized assignment of the participants or taking it into
account in the analyses. However, it is important to remem-
ber that although statistically significant, the transfer
effects are typically small and do not allow for interpreta-
tions about their existence among individual children.
The evidence for the long-term impact of music on pro-
social abilities and intelligence is less convincing; studies
have lacked active control groups or have pooled active and
passive control groups together. Especially, given the
amount of interest in the connections between music and
intelligence, it seems plausible that several studies with
null results have been left unpublished.
Regarding the far-transfer effects of music, it is promis-
ing that the positive effects have emerged in group music
settings because these practices are highly implementable
in school and preschool curricula. Because these contexts
are accessible to all children (regarding preschools, at
least in countries where preschool is organized by the
communities or state), maintaining or implementing music
lessons in the curriculum promotes equality among chil-
dren, all of whom are not able to participate in private
lessons offered by music schools, which typically charge
for them. Thus, also children whose families are not able
to provide them with private music lessons can enjoy
music activities. These findings, even with their limita-
tions, are societally important because formal studies in
music (namely, instrument training) to a great extent are
focussed on children with higher SES who already obtain
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other cultural enrichment because of their family contexts
(for reviews, see Albert, 2006; Corrigall et al., 2013;
Swaminathan et al., 2017).
Evidence from both brain-imagining studies (Herdener
et al., 2010; Hyde et al., 2009) and studies measuring event-
related potentials (e.g., François et al., 2013; Moreno et al.,
2009; Nan et al., 2018; Putkinen et al., 2014) suggests
neuronal plasticity in childhood and adolescence because
of music training. Because it seems that music training is
capable of molding the structure and functioning of the
neural networks linked to overall auditory processing, the
claims about, for example, far-transfer effects on language
seem reasonable enough (Besson et al., 2011). Yet a recent
meta-analysis conducted by Sala and Gobet (2020, p. 1429)
argued that “music training is ineffective regardless of the
type of outcome measure (e.g., verbal, nonverbal, speed-
related, etc.), participants’ age, and duration of training”
and that “small statistically significant overall effects are
obtained only in those studies implementing no random
allocation of participants and employing nonactive con-
trols.” Although many arguments about far-transfer effects
have been overly positive, it should be noted that in their
meta-analyses, Sala and Gobet (2017, 2020) did not differ-
entiate between different music intervention studies,
instead placing the same emphasis on short and intense
versus long-term and less frequent interventions. They also
dealt equally with papers in which individual instrumental
training and group-based programs were conducted, even if
from a music education perspective these have quite differ-
ent means and aims. Maybe most importantly, we argue
that the conclusion that music training is ineffective in
bringing any domain-general cognitive benefits is some-
what based on the mechanical demands on the controllabil-
ity of studies. A rigorous demand for randomized
controlled trials (RCTs) in longitudinal studies, which are
often conducted in community settings, leads to problems
in the overall feasibility of these studies and interpreting
their results.
It is of note that RCT designs have been known to lead to
many drop-outs because of a lack of motivation, especially
when long-term programs are the focus (for a related dis-
cussion, see Habibi et al., 2018; Tervaniemi & Huotilainen,
2018). This is particularly troublesome because, based on
previous longitudinal studies, music interventions should
last relatively long to yield neuroplastic or cognitive trans-
fer effects. For instance, Kraus and Strait (2015) and
Linnavalli et al. (2018) showed that positive effects on
children’s auditory brain processes or language skills could
be observed only after two years of music exposure, with
one year not being sufficient. Furthermore, in a study by
Putkinen et al. (2014), individual instrument training of
6 years was not sufficient to enhance all the feature-
specific auditory brain processes in school-aged children
when compared with the control children. Random alloca-
tion of the participants in such a protocol does not opti-
mally support the intrinsic motivation of the learner to be
engaged in such a long learning process. If there is no
motivation to practice or even attend the lessons, the learn-
ing outcome and, thus, possible transfer effects will be
compromised. In such a protocol, it would be premature
to conclude that transfer effects do not exist. Moreover, as
pointed out by Habibi et al. (2017), in a research context, it
might be considered unethical to exclude children from
music enrichment. Hence, even if there are research con-
texts in which random allocation of the participants
provides an optimal protocol, it is sometimes suboptimal
or even not recommended. In studies not using a RCT
design, it is important to take into account the imbalance
in the compared groups. Typically, this is done by control-
ling the compared groups’ scores for intelligence and the
family’s SES in the statistical analyses.
Admittedly, we do not know whether all children show
far-transfer effects from music activities, irrespective of
their motivation or musical aptitude, because these are not
always (or regarding motivation, almost never) measured
in intervention studies. Far-transfer effects of music
could depend on some individual facility, for example,
“musicality,” and this calls for further studies where these
features are controlled for.
Here, it is important to note that the positive findings
about the transfer effects have received a remarkable
amount of attention in the media, and in some cases, over-
simplifications and overinterpretations have taken place.
These have been discussed by scientists who emphasize the
need for caution from academics in their public appear-
ances and media presence (e.g., see Odendaal et al.,
2018). However, sometimes the news articles are written
based on press releases or oral presentations, thus reflecting
the voice of the journalist, not just that of the researcher.
As discussed previously, in the scientific literature, there
is a strong bias to launch and discuss the positive findings
and not publish the negative or null findings. Because there
is evidence from different studies reporting no transfer
effects to, for example, language, they should not be
ignored. Several factors in the experimental settings may
explain the varying results: intervention settings, individual
teachers, school curricula, and cultural differences.
Furthermore, cognitive skills can be measured using
several tests focussing on different aspects of language
(e.g., phoneme processing, vocabulary knowledge, verbal
memory), EFs (e.g., working memory, inhibition, cognitive
flexibility), and intelligence (e.g., nonverbal reasoning,
visuo-spatial skills); sometimes, contradictory evidence
may emerge because of the different focus in testing.
Conclusions and Future Directions
In its recent review, the World Health Organization
(Fancourt & Finn, 2019) concluded that the arts in general
and music specifically seem to contribute positively to
health, well-being, and children’s development. Although
it is important to account for the contradictory evidence and
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remember that most of the found effects are small, it seems
that group-based music lessons have a positive impact on
language development and possibly on EFs in childhood.
However, the evidence for the far-transfer effects of music
on intelligence and long-term prosocial skills does not
appear to be strong.
It is encouraging that most of the found positive effects
have emerged because of relatively little exposure to active
music making and that group music sessions carried out
once or twice a week—when continued for several
years—seem to be enough to support the development of
language skills, and possibly even EFs. In addition to bring-
ing enjoyment to children, implementing and maintaining
music in national school and preschool curricula is also
important for the benefits it might offer to other areas of
learning.
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Degé, F., Kubicek, C., & Schwarzer, G. (2011). Music lessons and
intelligence: A relation mediated by executive functions.
Music Perception, 29, 195–201.
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Koelsch, S., Schröger, E., & Tervaniemi, M. (1999). Superior
attentive and pre-attentive auditory processing in musicians.
NeuroReport, 10, 1309–1313.
Korkman, M., Kirk, U., & Kemp, S. L. (2007). Nepsy II: Clinical
and interpretive manual. The Psychological Corporation.
Kraus, N., & Strait, D. (2015). Emergence of biological markers
of musicianship with school-based music instruction. Annals
of New York Academy of Sciences, 1337, 163–169.
Linnavalli, T., Putkinen, V., Lipsanen, J., Huotilainen, M., &
Tervaniemi, M. (2018). Music playschool enhances children’s
linguistic skills. Scientific Reports, 8, 8767.
Mehr, S. A., Schachner, A., Katz, R. C., & Spelke, E. S. (2013).
Two randomized trials provide no consistent evidence
for nonmusical cognitive benefits of brief preschool music
enrichment. PLoS One, 8(12), e82007.
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H.,
Howerter, A., & Wager, T. D. (2000). The unity and diversity
of executive functions and their contributions to complex
“frontal lobe” tasks: A latent variable analysis. Cognitive
Psychology, 41, 49–100.
Moreno, S., Bialystok, E., Barac, R., Schellenberg, G. E., Cepeda,
N. J., & Chau, T. (2011). Short-term music training enhances
verbal intelligence and executive function. Psychological
Science, 22(11), 1425–1433.
12 Music & Science
Moreno, S., Marques, C., Santos, A., Santos, M., Castro, S. A., &
Besson, M. (2009). Musical training influences linguistic abil-
ities in 8-year-old children: More evidence for brain plasticity.
Cerebral Cortex, 19(3), 712–723.
Nan, Y., Liu, L., Geiser, E., Shu, H., Chen Gong, C., Dong, Q.,
Gabrieli, J., & Desimone, R. (2018). Piano training enhances
the neural processing of pitch and improves speech perception
in Mandarin-speaking children. Proceedings of National
Academy of Sciences, 11(28), E6630–E6639.
Odendaal, A., Levänen, S., & Westerlund, H. (2018). Lost in
translation? Re-examining neuroscientific research and the
claimed transfer benefits of musical practice. Music Education
Research, 1(1), 4–19.
Overy, K. (2003). Dyslexia and music: From timing deficits to
musical intervention. Annals of New York Academy of
Sciences, 999, 497–505.
Pantev, C., Oostenveld, R., Engelien, A., Ross, B., Roberts, L. E.,
& Hoke, M. (1998). Increased auditory cortical representation
in musicians. Nature, 392, 811–814.
Putkinen, V., & Tervaniemi, M. (2018). Neuroplasticity in music
learning. In M. Thaut & D. Hodges (Eds.), Oxford handbook of
music and brain research: The neural basis of music percep-
tion, performance, learning, and music in therapy and medi-
cine. Oxford University Press.
Putkinen, V., Tervaniemi, M., Saarikivi, K., de Vent, N., &
Huotilainen, M. (2014). Investigating the effects of musical
training on functional brain development with a novel Melodic
MMN paradigm. Neurobiology of Learning and Memory, 110,
8–15.
Putkinen, V., Tervaniemi, M., Saarikivi, K., Ojala, P., & Huoti-
lainen, M. (2014). Enhanced auditory change detection in
musically trained school-aged children: A longitudinal
event-related potential study. Developmental Science, 17,
282–297.
Rabinowitch, T. C., Cross, I., & Burnard, P. (2012). Long-term
musical group interaction has a positive influence on empathy
in children. Psychology of Music, 41(4), 484–498.
Rey, A. (1941). L’examen psychologique dans les cas d’encépha-
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